Dynamic in vitro measurement of patellar movement after total knee arthroplasty: an in vitro study by Ostermeier, Sven et al.
BioMed  Central
Page 1 of 10
(page number not for citation purposes)
BMC Musculoskeletal Disorders
Open Access Research article
Dynamic in vitro measurement of patellar movement after total 
knee arthroplasty: an in vitro study
Sven Ostermeier*†, Olaf Buhrmester, Christof Hurschler and 
Christina Stukenborg-Colsman
Address: Department of Orthopaedics Hannover Medical School (MHH) Hannover, Germany
Email: Sven Ostermeier* - sven.ostermeier@annastift.de; Olaf Buhrmester - olaf.buhrmester@t-online.de; 
Christof Hurschler - christof.hurschler@annastift.de; Christina Stukenborg-Colsman - stukenborg@annastift.de
* Corresponding author    †Equal contributors
Abstract
Background: Changing the kinematic behaviour of patellar movement could be one of the reasons
for anterior knee pain after implantation of a total knee arthroplasty (TKA). The aim of the current
study was to measure the potential influence on patellar kinematics of patellar resurfacing during
TKA.
Methods: Patellar movement before and after TKA with and without patellar resurfacing was
measured under dynamic conditions in an in vitro cadaver simulation. Physiologic Musculus
quadriceps forces were applied to five physiologic human knee specimens undergoing simulated
isokinetic extension motions, patellar movement was measured using an ultrasonic measurement
system. Thereafter, the Interax®  I.S.A.-prosthesis system was implanted without and with
resurfacing the patella, and patellar movement was again measured.
Results: The physiologic patella center moved on a semilunar path up to 6.4 mm (SD 6.4 mm)
medially during extension. After TKA, the unresurfaced patella showed significantly less medial
translation (p = 0.04) than the resurfaced patella. Subsequent resurfacing of the patella then
resulted in a return to mediolateral positioning of the patella similar to the physiological case,
whereas the resurfaced patella tilted up to twice as much as physiologic.
Conclusion: The results of this study suggest that resurfacing of the patella during TKA can result
in a restoration of the physiologic mediolateral shift of the patellofemoral joint while angulation of
the patella remains unphysiologic.
Background
Patellofemoral or anterior knee pain represents one of the
most common problems during rehabilitation after total
knee arthroplasty (TKA), with postoperative problems
reported in 0,5–12% of patients [1-6]. Although the com-
ponents of the prosthesis may have been implanted cor-
rectly, with postoperative radiographs showing no
malalignment, patients were often unable to flex the knee
or bear weight on the treated joint [5,6]. While many
authors observed a theoretical advantage of primary resur-
facing of the backside of the patella during TKA in avoid-
ing these problems [1-4,7], others disagreed, and do not
recommend routine resurfacing of the patella [8-10]. Fur-
thermore, some authors suggest that only through a
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correctly implanted patella inlay it is possible to avoid
changing patellar tracking in the femoral groove and with
it the associated potential malalignment of the degener-
ated patella [1,11-13].
Several types of retropatellar resurfacing devices have been
developed. These included symmetrical, dome shaped,
and non anatomic all polyethylene components [3].
Other devices had a metal-backed baseplate with a rotat-
ing, asymmetrical high-conforming polyethylene prosthe-
sis [14]. In-vitro studies utilizing pressure-sensitive films
showed significantly higher stresses in these designs
which exceeded the yield strength on the polyethylene
(>12 MPa) [9,14-17]. Furthermore, other studies showed
substantial changes in movement of the patella after TKA:
An unresurfaced patella moved along a different path in
the groove of the femoral component compared to the
physiological motion [1]. The patella shifted less medially
than the physiologic patella in the physiologic femoral
groove, although the angulation of the patella was not
changed [1]. Thus, while demonstrating the same amount
of flexion around the horizontal axis and rotation around
the sagittal axis, the resurfaced patella moved on the same
path as a physiologic patella, while at the same time
exhibiting a significantly greater lateral tilt around the
frontal axis [11-13].
Nonetheless, none of these studies compared the kine-
matics of the physiologic patella to those of an (un)resur-
faced patella after TKA under physiologic loads and
dynamic conditions. This study was therefore conducted
to measure the path and rotational movement of a physi-
ologic patella, and to compare that motion to the unresur-
faced and resurfaced patella after TKA.
Methods
Five (5) fresh frozen left knee specimens (mean age 62,
range 52–75 years) were mounted into a specially
designed knee simulator in which isokinetic flexion-
extension motions were simulated as described by Stuke-
nborg-Colsman et al. before [18]. As this test setup per-
formed an in vitro test no ethic approval was necessary.
Implanted components with attached marker triangles Figure 1
Implanted components with attached marker triangles
Directions of translation and rotation of the patellar center Figure 2
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Each knee specimen was transected approximately 30 cm
distal and proximal to the knee joint line. The skin and
subcutaneous tissues were removed, preserving the mus-
cles, articular capsule, ligaments, and tendons. Movement
of the patella in relation to the femur was measured using
an ultrasound based three-dimensional motion analysis
system (Zebris CMS-100, Isny, Germany). Marker trian-
gles with a leg length of 50 mm were attached to the femur
and the patella by means of uni-cortical screws (Fig. 1).
Each marker triangle consisted of three ultrasound emit-
ters placed on the edges of each triangle, and marker posi-
tion was dynamically measured at a sampling frequency
of 10 Hz by an H-shaped array of microphones placed at
a distance of 1500 mm medial to the specimen. With this
setup, the ultrasound positioning system is reported by
the manufacturer to produce a theoretical accuracy of 0.1
mm for translation and 0.1 degrees for rotation of the tri-
angles. The motions of each triangle were geometrically
transformed to the geometrical center of the bony patella
and the center of the femoral epicondylar axis. Thus, the
relative movement of the center of the patella with respect
to the center of the femur was measured with directions
defined as follows: mediolateral [x], proximodistal [y]
and anteroposterior [z] translation. An internal rotation
along the long axis of the patella was defined as tilt, a for-
ward rotation along the horizontal axis as flexion and an
external rotation along the sagittal axis as rotation (Fig. 2).
The knee specimens were oriented with the femur fixed
horizontally and the patella facing downwards. The tibia
was attached to the simulator at mid-length by means of
a linear-rotational bearing which permits axial sliding and
turning as well as rotation transverse to the axis of the
tibia. The bearing in turn was attached to a swing arm
which allows varus-valgus rotation. The swing arm was
equipped with a strain-gage based load measuring device
which allows the extending moment applied to the tibia
to be monitored continuously as described by Stuken-
borg-Colsman et al. [18].
Movement of the tibia was generated by the coordinated
activation of two hydraulic cylinders, one to simulate
quadriceps muscle force, and the other to apply external
flexion moment. The quadriceps force was transmitted
through a special clamp which was attached on the quad-
riceps tendon. An isokinetic extension cycle is simulated
from 120 degrees flexion to full extension of the knee with
an extension moment of 31 Nm [18]. During this
extension cycle the cylinder which simulated the quadri-
ceps force, was required to generated forces of up to 2000
N.
After measuring the movement of the physiologic patella
a total knee arthroplasy was performed on the specimens
(Interax® I.S.A. size 500, Stryker/Howmedica, Limerick,
Ireland). The femoral component, which has straight fem-
oral groove and multiple radii in sagittal plane, was
implanted with an external rotation of 3 degrees relative
to the posterior femoral condyles, the tibial component
was implanted at zero degrees to the mechanical axis with
no tibial slope of the tibial baseplate. The mobile bearing
inlay used is capable of sliding anterior-posterior as well
as rotating on the tibial baseplate. A prosthesis was fitted
to each specimen in conjunction with a 8 mm PE-inlay,
whereby the implantation was performed according to the
manufacturers guidelines for opening the knee joint using
a mediopatellar incision. The patella was left unresurfaced
and relative movement of the center of the patella was
measured a second time.
After this test cycle, the patella was resurfaced with the
optional included patella inlay. This inlay is a all-polyeth-
ylene inlay with a symmetrical shape in the sagittal plane
and a 1.5 times wider lateral than medial facet (Fig. 3).
The patella surface was resected at a height of 9 mm to
allow a size 300 patella-inlay to be fitted and to restore the
original thickness of the unresurfaced patella. The inlay
was fixed with bone cement with a medial offset of 5 mm
relative to the bony center of the patella. Again the relative
movement of the center of the patella was measured.
After calculating the path and the relative rotational
motion of the center of the patella, means were compared
using the nonparametric Wilcoxon test for repeated meas-
ures at a significance level of α  = 0.05.
Results
The physiologic patella (PHY) was observed to move on a
semilunar path in the coronal plane (Fig. 4). Relative
PE patellar inlay of the Interax®-Prosthesis system set in the  femoral component groove, showing the wide lateral flange Figure 3
PE patellar inlay of the Interax®-Prosthesis system set in the 
femoral component groove, showing the wide lateral flangeBMC Musculoskeletal Disorders 2005, 6:30 http://www.biomedcentral.com/1471-2474/6/30
Page 4 of 10
(page number not for citation purposes)
motions to the femoral centre in the physiologic femoral
groove of up to 6.4 mm (SD 6.4 mm) medially were
recorded. The most medial point relative to the starting
point at 120 degrees of knee flexion was reached at 14.0
degrees flexion after which the patella again moved later-
ally with further extension (Table 1, Fig. 5). The unresur-
faced physiologic patella after TKA (BI) had significantly
less (p = 0.04) maximum medial movement of 2.4 mm
(2.4 mm, SD 5.9 mm, p = 0.04), with its most medial
position being achieved at full extension. The path of this
patella was less curved and proceeded almost linearly
towards full extension. With a polyethylene resurfacing
(TRI) the patella moved on a similar path to the physio-
logic patella with a maximum medial shift of 5.4 mm (SD
7.1 mm, p = 0.50) being attained. Movements along the
Y-axis did not significantly differ with dependence on TKA
or patella resurfacing (Fig. 6). Movement along the Z-Axis,
which represented the proximodistal direction decreased
after TKA. The physiologic patella moved up to 48.9 mm
(SD 17.0 mm) proximal while after implantation the
unresurfaced patella moved only up to 24.8 mm (SD 20.4
mm, p = 0,33) and the resurfaced patella up to 30.8 mm
(SD 19.3 mm, p = 0,47) (Fig. 7). The physiologic patella
(PHY) continuously internally tilted up to 10.0° (SD
Patella path in coronal plane relative to the starting position (PHY= physiologic patella, BI= unresurfaced patella after TKA,  TRI= resurfaced patella after TKA). •(dot) indicates 120° knee flexion, end maximum extension Figure 4
Patella path in coronal plane relative to the starting position (PHY = physiologic patella, BI = unresurfaced patella after TKA, 
TRI = resurfaced patella after TKA). •(dot) indicates 120° knee flexion, end maximum extension.
Table 1: Maximum movements and rotations of the physiologic (PHY), unresurfaced (BI) and resurfaced (TRI) patella after TKA.
X-axis Y-axis Z-axis Tilt Flexion Rotation
MAX med. SD MAX ant. SD MAX prox. SD MAX int. SD MAX SD MAX int. SD
[mm] [mm] [mm] [mm] [mm] [mm] [degr.] [degr.] [degr.] [degr.] [degr.] [degr.]
PHY 6.4 6.4 48.9 11.7 48.9 17.0 10.0 12.4 77.0 4.9 15.9 21.2
BI 2.4 5.9 39.9 14.2 24.8 20.4 7.5 8.7 73.5 5.9 19.5 18.2
TRI 5.4 7.1 53.0 6.3 30.8 19.3 19.3 21.7 67.9 6.5 16.8 17.8
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12.4°) during extension of the knee (Fig. 8). After TKA the
patella showed similar (p = 0.34) continuous internal tilt-
ing of up to 7.5° (SD 8.7°) until full extension. The resur-
faced patella (TRI) showed an internal tilting up to 19.3°
(SD 21.7°) during extension (p = 0.50). No significant
differences in rotations about the X- and Y-axis of the
patella were observed (Fig. 9 and 10).
Discussion
In this study, the path and rotation of the centre of the
physiologic patella as well as that of the unresurfaced and
resurfaced patella after TKA were measured under
dynamic conditions in an in vitro knee-extension simula-
tion with physiological quadriceps force. The physiologic
patella moved in a semilunar bow shaped path from its
starting position to a more medial position, before finally
moving back to its original medial-lateral position in the
course of the from flexion to full extension knee motion.
These results correlated with the findings of Patel et al.
who showed a similar path of the patella in vivo with a
maximum medial shift of 3.2 mm at 30 degrees of flexion
[19]. During extension, the patella was observed to tilt
medially up to 4.2 degrees.
A limitation of this study of patellar movement is that the
simulated extension cycle did not include a weight bear-
ing component, and that the co-contraction of the ham-
strings which could also have an additional effect on the
patellar path were not considered. Furthermore, the indi-
vidual contribution of the M. vastus medialis and lateralis
were not considered and the resulting quadriceps force
vector was directed along the axis of the femur.
Nonetheless, unlike other in vitro simulations, physiolog-
ical muscle forces were applied (up to 1500 N), and the
kinematics of knee motion attained using this simulator
have been shown to be similar to physiological on physi-
ological specimens [20]. In addition, measurement of
patellar movement revealed only motions relative to the
individual starting points of each patella at 120 degrees of
flexion. But in this study as well, motion of the
physiologic patella was comparable to the patellar path
reported for physiologic patellae of in vivo investigations
[13]. In the present study, we observed significant changes
in medial shift of the patella in the femoral groove after
TKA. The unresurfaced patella shifted significantly less
medially during extension accompanied by less of a bow
shaped path in the femoral groove than compared to the
physiologic patella and the resurfaced patella. These dif-
ferences may be explained by the fact that the femoral
groove of the Interax®-prosthesis used in this study is
symmetrical, in contrast to the physiologic joint. This
symmetrical femoral groove functions as a new guideline
Mediolateral shift of the physiologic (PHY), unresurfaced (BI) and resurfaced patella (TRI) after TKA Figure 5
Mediolateral shift of the physiologic (PHY), unresurfaced (BI) and resurfaced patella (TRI) after TKA.
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Anteroposterior shift of the physiologic (PHY), unresurfaced (BI) and resurfaced patella (TRI) after TKA Figure 6
Anteroposterior shift of the physiologic (PHY), unresurfaced (BI) and resurfaced patella (TRI) after TKA.
Proximodistal shift of the physiologic (PHY), unresurfaced (BI) and resurfaced patella (TRI) after TKA Figure 7
Proximodistal shift of the physiologic (PHY), unresurfaced (BI) and resurfaced patella (TRI) after TKA.
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for the patellar path and represents a simplification of the
anatomic shape of physiologic femoral groove which has
a higher lateral flange. In the physiologic knee, the patella
is guided by this higher lateral flange which pushes the
patella in a medial direction with extension. These results
contrast to the findings of Omori et al., who showed no
significant changes in movement of an unresurfaced
patella after TKA with the Genesis®-Prosthesis system
(Smith&Nephew Richards, Memphis, USA) [17]. The
Genesis®-Prosthesis system has a more anatomical femo-
ral groove with a higher lateral flange, which may explain
why the unresurfaced patella moved more medially
(physiologically) in that system.
The results of this study further showed that resurfacing of
the patella resulted in a similar path with a medial shift
similar to the physiologic knee. As the patella inlay of the
Interax®-Prosthesis system has a wider lateral facet and an
optimized surface fit to the femoral component groove,
the patella shifted more medially in a bow shaped path of
motion in a similar manner to the physiologic patella.
With a resurfaced patella the path of motion observed cor-
related with the findings of other kinematic studies of
patellar path after resurfacing the patella
[1,6,12,13,15,17,21,22]. Nonetheless, while translation
was similar to physiological, the resurfaced patella tilted
two times more internally than the physiologic patella
during extension, which was also in contradiction to
findings of Omori et al. who again found no different tilt-
ing after resurfacing [17]. Again, as with the explanation
of the different medial shift observed, the asymmetrically
shaped inlay in the horizontal plane of the Interax®-Pros-
thesis investigated in this study may explain the larger tilt
angles observed relative to those reported for the
Genesis®-Prosthesis system which has a symmetrical inlay.
Because of the asymmetrical shaped patella with a wider
lateral flange of this system, the lateral facet could be
oversized. As the patella component has a better congruity
with the femoral groove than the unresurfaced patella, the
patella is better guided, as evidenced by the restoration of
mediolateral shift. Concomitantly, larger patellar tilt was
seen as the relatively oversized lateral facet was leveled.
Furthermore, a decreased proximal shift of the patella was
observed after TKA in the present study, which could
potentially lead to a change of the tibiofemoral joint line
and produce a patella baja. This may occur as a result of
implanting a higher inlay than present in the knee joint
before implantation in order to provide stable knee joint
conditions, and could lead to increased contact forces on
the patellar surface [23-26].
Tilting about the Z axis of the physiologic (PHY), unresurfaced (BI) and resurfaced patella (TRI) after TKA Figure 8
Tilting about the Z axis of the physiologic (PHY), unresurfaced (BI) and resurfaced patella (TRI) after TKA.
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Rotation about the Y axis of the physiologic (PHY), unresurfaced (BI) and resurfaced patella (TRI) after TKA Figure 9
Rotation about the Y axis of the physiologic (PHY), unresurfaced (BI) and resurfaced patella (TRI) after TKA.
Flexion about the X axis of the physiologic (PHY), unresurfaced (BI) and resurfaced patella (TRI) after TKA Figure 10
Flexion about the X axis of the physiologic (PHY), unresurfaced (BI) and resurfaced patella (TRI) after TKA.
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This study demonstrated the ability of a patella resurfac-
ing to restore the physiological mediolateral shift of the
patella after TKA. It is hypothesized that the restoration of
the physiologic kinematics will result in less
patellofemoral complications caused by maltracking of
the patella [4]. To date, it is unclear if the higher internal
tilt has a negative influence on patellar and knee
kinematics, whereas it can be hypothesized that because
of lateral oversizing, this internal tilt leads to higher
mechanical stresses on the lateral facet of the patellar
component [9,12,13]. In addition, the internal tilt could
reduce the contact area of the patellar component, which
could lead to additional higher contact stresses [17]. Fur-
ther investigations are planned in order to verify whether
this patellar resurfacing design does in fact result in
improved in vivo kinematics and the clinically anticipated
reduction in patellofemoral complications.
Conclusion
The results of this study suggest that resurfacing of the
patella during TKA can result in a restoration of the phys-
iologic mediolateral shift of the patellofemoral joint
while angulation of the patella was left in an unphysiolog-
ical state.
List of abbreviations
BI unresurfaced patella after total knee arthroplasty
MPa Megapascale
PE Polyethylene
PHY physiologic patella
SD standard deviation
TKA total knee arthroplasty
TRI resurfaced patella after total knee arthroplasty
Competing interests
The author(s) declare that they have no competing
interests.
Authors' contributions
Dr. Sven Ostermeier performed the test setup, observed
the test cycles and made the biomechanic and statistic
analysis. He also wrote the primary manuscript.
Olaf Buhrmester performed the test cycles and developed
several mechanical devices for the positioning system.
Dr. Christof Hurschler helped with the biomechanical
and statistical analysis. He performed the correction of the
final manuscript.
Dr. Christina Stukenborg-Colsman performed the test
setup and helped in terms of clinical background.
References
1. Anouchi YS, Whiteside LA, Kaiser AD, Milliano MT: The effects of
axial rotational alignment of the femoral component on
knee stability and patellar tracking in total knee arthroplasty
demonstrated on autopsy specimens.  Clin Orthop 1993:170-177.
2. Boyd AD, Ewald FC, Thomas WH, Poss R, Sledge CB: Long-term
complications after total knee arthroplasty with or without
resurfacing of the patella.  J Bone Joint Surg Am 1993, 75-
A:674-681.
3. Harwin SF: Patellofemoral complications in symmetrical total
knee arthroplasty.  J Arthroplasty 1998, 13:753-762.
4. Ranawat C: The patellofemoral joint in total condylar knee
arthroplasty. Pros and Cons based on five- to tenyear follow-
up observation.  Clin Orthop 1986, 205:93-99.
5. Rand JA: Current Concepts Review: The Patellofemoral Joint
in Total Knee Arhtroplasty.  JBJS 1994, 76-A:612-620.
6. Yoshii I, Whiteside LA, White SE, Milliano MT: Influence of pros-
thetic joint line position on knee kinematics and patellar
position.  J Arthroplasty 1991, 6:169-177.
7. Kajino A, Yoshino S, Kameyama S, Kohda M, Nagashima S: Compar-
ison of the results of bilateral total knee arthroplasty with
and without patellar replacement for rheumatoid arthritis.
A follow-up note.  JBJS[Am] 1997, 79:570-574.
8. Abraham W, Keefer J, Greer RB, Daubert H, Buchanan JR: Should
the patellabe resurfaced in total knee arthroplasty.  Clin
Orthop 1988, 236:134.
9. Benjamin JB, Szivek JA, Hammond BS, Kubchandhani Z, Matthews AI,
Anderson P: Contact areas and pressures between native
patellas and prosthetic femoral components.  J Arthroplasty
1998, 13:693-697.
10. Enis JE, Gardener R, Robledo MA, Latta L, Smith R: Comparison of
patellar resurfacing versus nonresurfacing in bilateral total
knee arthroplasty.  Clin Orthop 1990, 260:38-42.
11. Chew JT, Stewart NJ, Hanssen AD, Luo ZP, Rand JA, An KN: Differ-
ences in patellar tracking and knee kinematics among three
different total knee designs.  Clin Orthop 1997:87-98.
12. Hsu RW, Luo ZP, Rand JA, An KN: Influence of Patellar Thick-
ness on Patellar Tracking and Patellofemoral Contact Char-
acteristics After Total Knee Arthroplasty.  J Arthroplasty 1996,
11:69-79.
13. Rhoads DD, Noble PC, Reuben JD, Tullos HS: The effect of femo-
ral component position on the kinematics of total knee
arthroplasty.  Clin Orthop 1993, 286:122-129.
14. Buechel FF, Pappas MJ, Makris G: Evaluation of contact stress in
metal-backed patellar replacements. A predictor of
survivorship.  Clin Orthop 1991:190-197.
15. Buff HU, Jones LC, Hungerford DS: Experimental determination
of forces transmitted through the patello-femoral joint.  J
Biomech 1988, 21:17-23.
16. Huberti HH, W.C. H: Patellofemoral contact pressures.  J Bone
Joint Surg [Am] 1984, 66:715.
17. Omori G, Koga Y, Bechthold JE, Gustilo RB, Nakabe N, Sasagawa K,
Hara T, Takahashi HE: Contact pressure and three-dimensional
tracking of unresurfaced patella in total knee arthroplasty.
The Knee 1997, 4:15-21.
18. Stukenborg-Colsman C, Ostermeier S, Hurschler C, Wirth CJ: Tibi-
ofemoral contact stress after total knee arthroplasty: com-
parison of fixed and mobile-bearing inlay designs.  Acta Orthop
Scand 2002, 73:638-646.
19. Patel VV, Hall K, Ries M, Lindsey C, Ozhinsky E, Lu Y, Majumdar S:
Magnetic resonance imaging of patellofemoral kinematics
with weight-bearing.  J Bone Joint Surg Am 2003, 85-A:2419-2424.
20. Ostermeier S, Hurschler C, Stukenborg-Colsman C: Quadriceps
function after TKA--an in vitro study in a knee kinematic
simulator.  Clin Biomech (Bristol , Avon ) 2004, 19:270-276.
21. Glaser FE, Gorab RS, Lee TQ: Edge loading of patellar compo-
nents after total knee arthroplasty.  J Arthroplasty 1999,
14:493-499.
22. Stiehl JB, Komistek RD, Dennis DA, Keblish PA: Kinematics of the
patellofemoral joint in total knee arthroplasty.  J Arthroplasty
2001, 16:706-714.Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
BMC Musculoskeletal Disorders 2005, 6:30 http://www.biomedcentral.com/1471-2474/6/30
Page 10 of 10
(page number not for citation purposes)
23. Miller MC, Zhang AX, Petrella AJ, Berger RA, Rubash HE: The effect
of component placement on knee kinetics after arthroplasty
with an unconstrained prosthesis.  J Orthop Res 2001,
19:614-620.
24. Nagamine R, Whiteside LA, White SE, McCarthy DS: Patellar
tracking after total knee arthroplasty. The effect of tibial
tray malrotation and articular surface configuration.  Clin
Orthop 1994:262-271.
25. Petersilge WJ, Oishi CS, Kaufman KR, Irby SE, Colwell CWJ: The
effect of trochlear design on patellofemoral shear and com-
pressive forces in total knee arthroplasty.  Clin Orthop
1994:124-130.
26. Singerman R, Davy DT, Goldberg VM: Effects of patella alta and
patella infera on patellofemoral contact forces.  J Biomech
1994, 27:1059-1065.